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ABSTRACT:  
 The objective of this study is to determine the indoor and outdoor concentration ratio of suspended particulate 
matter. Spatial variation was performed by use of portable, SKC Air Check, high volume Gravimetric sampler 
with flow rate of 2L/min and a sampling duration of fight hours maintained during this pilot study, which was 
conducted between December 2010 to February 2011 in five different locations. The indoor particulate matter 
(I.P.M) found in the range of 243.05-451.39 while the Outdoor Particulate Matter (O.P.M) was in the range of 
451.39-625.00. The correlation between the outdoor and indoor particulate matter was positive. (r = 0.491). The 
spatial variation of both indoor and outdoor particulate matter was significant and remarkable. 
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1.0 INTRODUCTION 
Outdoor air enters and leaves house by infiltration, natural and mechanical ventilation. In a process known as 
infiltration, outdoor air flows into the house through openings, joints cracks in wall, floors and ceilings and 
around windows and doors. The rate at which outdoor air replaces indoor air is described as air exchange rate 
(Columbian encyclopedia, 2006).  
Indoor pollution sources that release gases or particles into the air are the primary cause of indoor air quality 
problems in homes. Offices inadequate ventilation can increase indoor pollutant levels by not bringing in enough 
outdoor air to dilute emissions from indoors sources and by not carrying indoor air pollutants out of the home or 
office. High temperature and humidity levels can also increase concentration of some pollutants (Patterson et al., 
2000; Gauvin et al., 2002.)  
Indoor Air Quality (IAQ) has gained great attention in recent years; chiefly due to large amount of time we 
spend indoors in modern times. (Jerkin et al., 1992) showed that urban people spend an average 87% of their 
indoors and only a mere 6% outdoors.  
The industrialization/urbanization process has both positive and negative effects on indoor air quality in many 
cities of the world (Kim, 1992). Outdoor pollutant concentration may not be reliable indicators of indoor and 
personal pollutant sources (Wallace et al 1997). 
The early studies on relationship between indoor and outdoor pollutants conducted in the 1950s and summarized 
by (Anderson, 1972), showed that there was great variation between indoor and outdoor ratio.( Benson et al., 
1972) concluded in their review that in general,the ratios of indoor and outdoor pollutants concentration were 
about one. Since then a number of studies on the relationship between indoor and outdoor pollutant have been 
conducted (Dasrout et al., 1998; Spengler et al., 1981, Quacken boss et al., 1989; Janssen et al., 1998; Monn et 
al., 1995; Ross et al., 1999). (Baek et al., 1997) examined indoor/outdoor concentration relationships for a 
number of pollutants (namely particulate matter, C02, N02 and a range of VOCs) in homes, offices and 
restaurants in Korean urban areas. (Mc Cann et al., 1999) examined traffic pollution in and around City-Center, 
commercial properties in the U.K. (Kingham et al., 2000) studied the spatial variation of traffic-related 
pollutant’s concentration existing between indoor and outdoor air pollutant levels. 
In summary, despite the huge variety of these studies in terms of conditions and results, most of them were able 
to demonstrate a certain degree of correlation between indoor and outdoor air with such relation depending 
obviously on large number of factors like generation efficiency from outdoor to the indoor environment and the 
particle deposition rate on indoor surfaces (Shair and Heitner ,1974; Kamens et al., 1991; Athatcher and Layton, 
1995) indoor surfaces (Shair and Heitner, 1974; Kamens et al., 1991; Athatcher and Layton ,1995). 
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It has been estimated that about half a million women and children die each year from indoor air pollution in 
India (Smith, 2000) and they also suffer increased prevalence of respiratory symptoms and disease (Qin et al., 
1991, Peng et al., 1998; Schwela, 1997) from wide range of air pollutants are generated outdoors and are either 
known or suspected of causing adverse effects to human health and environment (DETR, 2000). 
The toxicological studies have equally implicated particle air pollution in adverse health effects (Linn et al., 
1994; Mauderly, 1994; Anderson et al., 1999).   
 
2.0 Materials and Method  
2.1  BACKGROUND TO THE STUDY AREA 
The study was carried out at the University of Benin Teaching Hospital (UBTH) Benin City, Nigeria. 
The teaching hospital comprises several departments which include: Surgery, Orthopedics and Trauma, internal 
medicine, child health, obstetrics and gynecology, mental health and community health, radiology, pathology, 
family medicine and dentistry. There are also general practice clinic (GPC) and store and supply and the 
Account Department, Accident and Emergency (A & E) units which are an out patient’s arrangement. Burning 
of waste product, the use firewood by food vendors, photocopier and vehicular movement, the use of rug in 
office, and printers are veritable sources of particle. 
        
  
 
2.2 Sampler and Analytical Procedure  
SKC Air Check XR 5000 high Volume Gravimetric Sampler Model 210- 5000 serial No. 20537.  
The in-built gas flow meter has a rating of 1000 to 5000ml/mm of air samples, which was calibrated into 
2000ml/min. Before sampling, all unloaded glass fiber filters were dried in desiccators at room temperature and 
their initial weights were taken. The particulates were collected on the pre-weighed filter by pumping 
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Figure 1: Map of UBTH showing the sampled locations     
NIGERIA 
50 54N 
Benin City  
Chemistry and Materials Research                                                                                                                                                    www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol.3 No.10, 2013 
 
74 
2000ml/min (2L/min) volume of air through it for eight hours, after sampling, the loaded filters were again 
desiccated and re-weighed to determine the final weight. 
The concentration of the total suspended particulates in the air was determined from the difference in weight of 
the filter paper after and before sampling the duration of the sampling and the flow rate. (Shaw, 1989; 
UNEP/WHO, 1994).The sampler was placed at heights of 1.5m above ground level to reflect the breathing zone 
of human.  
 
3.0  RESULTS AND DISCUSSION 
 
As with homes, the most important factor influencing indoor air quality is the presence of pollutant source. 
Commonly found office pollutants and their sources include environmental tobacco smoke, asbestos from 
insulating  and fire-retarded building supplies, formaldehyde from pressed wood products, other organics from 
building materials, carpet and other office furnishings, cleaning materials and activities, restroom, air fresheners, 
print shops. Biological contaminants from dirty ventilation systems or water-damaged walls ceiling and carpets 
and pesticides from pest management practices are other sources of contaminants.  
  
The spatial variation was significant (P<.0.5) and the data generated exceeded the WHO (150-230µg/m3) and 
FEMENV. This agency charged with the task of protecting, restoring and preserving the Ecosystem is the 
Federal Ministry of Environment (FMENV). This body hitherto called Federal Environmental Protection Agency 
(FEPA) was established by decree No. 58 of 1998. This agency has established air quality standards called 
Nigeria Ambient Air Quality Standard. The regulatory limit of suspended particulate is 250 µg/m(daily average). 
The reason for the non-attainment can be attributable to re-suspended dust, burning of waste products, the use 
firewood by food vendors, photocopier and vehicular movement, the use of rug and carpet in offices, air 
fresheners and printer. 
 
Table 1:The Mean Concentration of outdoor suspended particulate matter. 
 
S/N SITES MEAN STD. DEVIATION  
1. General out Patient Clinic  451.39 159.12 
2. Account Department  625.00 104.17 
3. Dentistry Department  520.83 104.17 
4. Community Health Department 516.67 202.12 
5. Store and Supply Department 486.11 216.84 
 
 
Table 2: The mean Concentration of indoor suspended particulate matter  
 
S/N SITES MEAN STD. DEVIATION  
1. General out Patient Clinic  277.78 60.14 
2. Account Department  451.39 60.14 
3. Dentistry Department  347.22 60.14 
4. Community Health Department 243.05  60.14  
5. Store and Supply Department 312.50 104.17 
 
Table 2: Shows the Indoor Mean Concentration from the data generated, the WHO and the Nigeria Standard 
were clearly exceeded except in site 4 which falls within the purview of the Nigeria Standard. The ratio of 
outdoor to indoor was between 1 and 3. The spatial variation of the indoor concentration was also significant. 
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The percentage (100%) of the total variance in the analyzed data that was explained by the extracted principal 
component varies from 74.54%- 25.46%. The major sources of pollution are re-suspended dust, vehicular 
emission, burning of firewood and incineration solid waste. 
 
Toxicity potential (TP): because of the exposure to particulate matter every day the tendency of human health 
effect exist thus the toxicity potentials are calculated viz:  
 
T P =      measured outdoor paticualte matter concentration 
                         Regulatory limit (250µg/m3) 
 
By definition, the toxicity potential exceeding unity gives cause for concern. 
Table 4and 5 show the toxicity potential for both indoor and outdoor particulate matter. From Table 4, the 
toxicity potentials were more than unity and fell between the range of 1.81 and 3 while in the outdoor the 
toxicity potential fell between the range of 0.97 and 2 in all the sites. 
Table 3:  The Ratio of outdoor to indoor concentration   
 
S/N SITES RATIO 
1. General out Patient Clinic  outdoor/indoor  1.62     
2. Account Department outdoor/indoor 1.38      
3. Dentistry Department outdoor/indoor 1.5        
4. Community Health Department outdoor/indoor 2.43   
5. Store and Supply Department  outdoor/indoor 1.56     
 
Table 4: The toxicity potentials of outdoor particulate matter 
 
S/N           SITES TOXICITY  POTENTIAL 
1. General out Patient Clinic    1.81     
2. Account Department  2.50      
3. Dentistry Department  2.08       
4. Community Health Department  2.07   
5. Store and Supply Department   1.94     
Table 5: The toxicity potential of indoor particulate matter 
S/N           SITES TOXICITY  POTENTIAL 
1. General out Patient Clinic    1.11   
2. Account Department  1.81     
3. Dentistry Department  1.39       
4. Community Health Department  0.97   
5. Store and Supply Department   1.25     
 
3.1 Correlation of outdoor and indoor level of particulate matter  
Fig.2  Shows the correlation between the outdoor level and indoor level of TSP within UBTH. The was an 
insignificant correlation between the mean   (r = 0.829, p = 0.083)  
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Figure 2.Correlation of mean indoor and outdoor TSP concentration in UBTH.(scatter plot) 
 
 
 
 
CONCLUSION 
The capture of outdoor and indoor particulate matter was done with a portable, programmable SKC Air Check. 
The highest outdoor mean concentration was recorded in site 2 and the lowest outdoor mean concentration was 
recorded in site 1. The indoor mean concentration, the highest mean was in site 3 while the lowest mean 
concentration was observed in site 4.  
 
ACKNOWLEDGEMENT  
We acknowledge the contribution of Mr.Eddy Olumese, Mr.Nosa Godwin Okungbowa, Mr. Osagie Omoregbe 
and Mr.Omofuwan for their immeasurable assistance during the work.    
 
REFERENCES 
Anderson, I. 1972 Relationship between indoors and outdoors air pollution.  Atmospheric Environment 6, 
275. 
 
Anderson, H.R. (1999) Health Effect of Air Pollution Episodes in: Hold gate,  S.T. Samet, J.M., Koren, A.S., 
Maynard, R.L. eds Air Pollution Health  Academic Press London PP. 461-481. 
Back S, Kim Ys Perry R. (1997) Indoor air quality in homes, offices and  restaurants in Korian urban 
area-indoor/outdoor relationships.  Atmospheric Environment 31(4): 529-544 
Benson F.B. Hnederson, J.J., Caldwell, D.E., 1972 indoor-outdoor Air  Pollution relationship: a literature 
review. US. Environment Protection  Agency 
Chestnut L.G, Vichit– Vadakan N, Ostro B, Smith KR, Tsai FC (1998)  Executive summary: health effects of 
particulate matter air pollution in Bangkok  World Bank 
Chemistry and Materials Research                                                                                                                                                    www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol.3 No.10, 2013 
 
77 
Detr (2000) The Air Quality Strategy for England, Scotland, Wales and  Northern Ireland. Department 
of the Environment, Transport and the  Regions, the Scottish Executive, the National 
Assembly for Wales and  the Department of Environment for Northern Ireland. The 
Stationary  office, United Kingdom, ISBN 0101454821 
Federal Environmental protection Agency, Guidelines and Standards for  environmental Pollution in 
Nigeria FEPA 1991 
Gauvin, S. Reungoat, P., Cassadou, S. Dechen aux, J., Momas, J. Just, J.  and  Zmirou, D. (2002): 
Contribution of indoor and outdoor  environments to  PM2.5 Personal exposure of children-
VESTA Reading  Sci Total Environ  297; 175-181. 
Nah, Hoek G, Brunekreef B, Harreina H, Mensink I, Zuidhof A. (1998)  Personal Sampling of particles 
in adults: relation among  personal, indoor  and outdoor air concentrations. America 
Journal of Epidemiology, 147 (6):  537-547 
Jenkins, P.L. Philips, T.J. Mulbery, J.M. Hui S.P., 1992 Activity patterns of  Californians: USA of Proximity 
to indoor pollutant sources. Atmospheric  Environment 26 A, 291-297. 
Kametis, R. Lee, C.T, Wemer R. Leith D. 1991.  A study to characterize indoor  particles in three non-smoking 
homes. Atmospheric Environmental 25, 939- 948 
 Kingham S. Briggs, D. Elliot, P. Fisher, P. Lebret, E. 2000 Spatial  variations in the concentration of traffic 
related pollutants in indoor and  outdoor air in Hunders field England. Atmospheric 
Environment 34, 905- 916. 
Linn, W.S., Shamoo, D.A., Anderson, R.R., Peng, R., Avol, E.L. Hackney, J.D.  (1994) Effect of prolonged 
Repeated Exposure to Ozone, Sulphuric  Acid  and Their Combinattion in Health and 
Asthmatic  Volunteers. America  Journal of respiratory and critical care medicine 
550, 431-440. 
Mandely, J.C. (1994) Toxicological and Epidemiological Evidence for Health  Risks from inhaled Engine 
Emission. In Symposium of Risk Assessment of  urban Air: Stockholm, Sweden, 
Environmental Health Perspectives 102  (Supple 4) 165-171. 
McCann, J.M., Currie, J.I., Addison, P.S., Capper G., 1999 Traffic Pollution in  and around city-center 
Commercial properties in: Proceedings of the  2nd International Conference in urban Air 
Quality, Institute of Physics  3-5 March, Madrid, Spain Paper Ext. 4; Pp. 152-153. 
Monn, Ch., Fuchs, A. Koge Ischatz, D. Wanner, H.U. (1995) Comparison of  indoor and outdoor 
concentrations of PM
-10 and PM2.5 Journal of  Aerosol Science 26, S515-S516. 
Patterson, E., and Eatough, D.J. (2000): Indoor/Pollutants: epidemiological  implications in Lindon Utah. J. 
Air Waste Manage Assoc 50; 103-110 
Peng R., Wang L. Wang H, He K, XUX. (1998) Indoor Air Pollution from  Residential Energy Use in 
China. In China: In Mcelroy MB, Nielsen CP,  Lydon P. (eds) Energizing China: 
Reconciling Environmental Protection and  Economic Growth. Harvard University 
Press. Boston, Pp. 287-289. 
Qin Y. et al (1991) indoor air pollution in four Cities in China. Journal of  Environment and Health 
8(3),34-45. 
Quackerboss, J.J., Lebowitz, M.D., Crutchfield, C.D., (1989) indoor-outdoor  Relationships for particulate 
matter: exposure classification and health  effects Environmental International 15, 353-360. 
Ross, D.I., Upton, S.L., Hall, D.J., Bennett, I.P., (1999) Preliminary  measurements of ultra fine aerosols 
emissions from gas cooking. The proceedings of the English International Conference on 
indoor Air  Quality  and Climate, Vol. 4. 1043-1048. 
Schwela D.H. (1997) Cooking smoking: A silent killer people and the planet  6(3): 1-2. 
Shair, F.H., Heitner, K.L., (1974) Theoretical model for relating indoor  pollutant concentration to those outside. 
Environment Science and  Technology 8, 444. 
Shaw, R.W. (1987) Air Pollution by particles Scientific American, 257, 96-103 
 
Chemistry and Materials Research                                                                                                                                                    www.iiste.org 
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) 
Vol.3 No.10, 2013 
 
78 
Smith, K.R.(2000)  Iindoor air pollution implicated in alarming health problems In:  Indoor  Air Pollution 
Energy and Health for the indoor for the poor. Newsletter  published by world bank,  
Thatcher, T.L. Layton, O.W., (1995). Deposition resuspension and penetration  of particles with in a residence 
Atmospheric Environment 29(13), 1487- 1497. 
UNEP/WHO, (1994) GEMS / Air Methodology reviews. Measurement of  suspended particulate matter in 
ambient air.  WHO/EOS/94.3/UNEP/  GEMS/ 94. UNEP Nairobi. 
 
 
 
 
  
This academic article was published by The International Institute for Science, 
Technology and Education (IISTE).  The IISTE is a pioneer in the Open Access 
Publishing service based in the U.S. and Europe.  The aim of the institute is 
Accelerating Global Knowledge Sharing. 
 
More information about the publisher can be found in the IISTE’s homepage:  
http://www.iiste.org 
 
CALL FOR JOURNAL PAPERS 
The IISTE is currently hosting more than 30 peer-reviewed academic journals and 
collaborating with academic institutions around the world.  There’s no deadline for 
submission.  Prospective authors of IISTE journals can find the submission 
instruction on the following page: http://www.iiste.org/journals/   The IISTE 
editorial team promises to the review and publish all the qualified submissions in a 
fast manner. All the journals articles are available online to the readers all over the 
world without financial, legal, or technical barriers other than those inseparable from 
gaining access to the internet itself. Printed version of the journals is also available 
upon request of readers and authors.  
MORE RESOURCES 
Book publication information: http://www.iiste.org/book/ 
Recent conferences:  http://www.iiste.org/conference/ 
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische 
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial 
Library , NewJour, Google Scholar 
 
 
